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* 

. DESCRIPTION 

■ * . 

•METHOD FOR DIAGNOSIS OF OPTIC NEUROPATHY 

5 TECHNICAL FIELD 

The present invention relates to a method and kit for 
diagnosis of - optic neuropathy. 
BACKGROUND ART 

Glaucoma is a major cause of blindness worldwide/ and 
10 estimated approximately 67 million persons suffered from some 
form of glaucoma. The majority of cases occur as late adult 
onset (typically over age 40 years) of primary open-angle 
glaucoma (POAG) , which is the most common form of glaucoma. and 
affects approximately 2% in white population and 7% of black 
IS population over 40 years old. POAG results in a characteristic 
visual field changes corresponding to the excavation of the 
optic disc that is usually associated with an elevation of 

* * k 

intraocular pressure (IOP). Normal-tension glaucoma (NTG) is 
a form of open-angle glaucoma in which typical glaucomatous 
20 cuppihg of the v optic nerve head and visual field loss are 
present but in which there is no evidence of increased IOP over 
21 mm Hg at all times.. In Japan, prevalence of glaucoma is 
approximately 3.5% over 40 years old: F0AG*0 . 58 % and NTG 2 . 04 % . 
Prevalence of NTG in Japanese population is high compared with 
25 that in other populations. Glaucoma is ' a multifactorial 
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i ■ ■ — 

L -v disorder characterize^ by a progressive optic neuropathy 
associated with a specific visual field loss, and results from 
the interaction of multiple genes and environmental influences/ 
although intraocular pressure (IOP) is a major risk factor for 
5 glaucoma. 

Risk factors to develop glaucoma include high IOP, age, 
race, positive famiiy history, myopia, the presence of 
diabetes or hypertension, and genetic factors- Although the 
exact pathogenesis of glaucomatous optic neuropathy is remains 

10 unclear, it is generally accepted that an increased IOP is a 
major risk factor. Current treatment for glaucoma consists of 
interventions which lower IOP- However, in some patients with 
glaucoma f NTG or advanced stage of POAG, reduction of IOP does 
not prevent the progression of the disease, indicating that 

15 factors other than an increased IOP may be involved in the 
development or progress of glaucoma.' 

POAG and NTG are a heterogeneous group of conditions 
probably with different multi-factorial etiologies resulting 
in the observed patterns of neuronal loss in the optic disk.. 

20 The association^ between glaucoma and the presence of many 
systemic vascular diseases including low systemic blood 
pressure , nocturnal dips in blood pressure , hypertension, 
migraine, vasospasm, and diabetes has been reported. The 
presence of optic disc hemorrhages in NTG patients suggests 

25 that vascular insufficiencies are deeply involved in the 

2 
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y development and progression of NTG. A high percentage of 

« patients with POAG receive a wide variety of medications for 
coexisting disorder. Especially, systemic hypertension was 
the most common disorder, - occurring in 48% of the total 
5 population. 

Glaucoma-like morphological changes have been reported 
in patients with Leber 1 s hereditary optic neuropathy (LHON) 
at the atrophic stage and dominant optic atrophy (DAO) . 
Recently, the inventor has reported optic disc excavation by 

10 a quantitative analysis using Heidelberg retinal tomography 
(HRT) in the atrophic stage of Japanese 15 patients with LHON 
harboring the 11778 mutation. - LHON is a 

maternally-transmitted eye disease that mainly affects young 
adult men. -^approximately 70% of patients were male. This 

15 disease usually causes severe and permanent loss of vision 
resulting in a visual acuity of less than 0.1. Visual field 
defects are present as central or cecocentral scotomas. So far 
more than 20 point mutations of mitochondrial DNA (mtDNA) have 
been reported ih LHON patients worldwide, and more, than 80% 

20 of LHON patients carry one of three mtDNA mutations at 
nucleotide position 3460, 11778, or 14484* 

The major difference among LHON patients with one of 
these mtDNA mutations is in the clinical course. The 3460 and 
14484 mutations are associated with better visual prognosis 

25 than the 11778 mutation which, shows visual recovery rates of 
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only 4% to 7%. However, visual recovery has been documented 
in some patients with the 11778 mutation and an -age of onset 
in the low teens - Recovery of vision appears to be more likely 
when visual deterioration begins at an early age, even in 
5 patients with the 11778 mutation. 

The clinical variability of LHON patients, which 
includes age at onset, male predilection, incomplete 
penetrance, and visual recovery, suggests . that the disease 
most likely results, from polygenic or multifactorial 

10 mechanisms, possibly involving environmental stressors, 
X-chromosomal loci, and other mtDKA mutations. However, 
attempts to identify a relevant locus on the X- chromosome have 
not been successful . So-called ^secondary LHON mutations" are 
more frequently found in European LHON patients than in 

15 unaffected Europeans and are polymorphisms linked to the 
European haplotype J . These polymorphisms are not strong 
autonomous risk factors. 

Thus, the primary mutations are the major risk factors 
in LHON, but additional etiologic factors that augment or 

20 modulate the pathogenic phenotypes appear to be necessary. 
Considerable evidence indicates that heavy alcohol and/or 
tobacco use increases the risk of optic neuropathy in LHON 
families, although one study did not find this association. 
Possible secondary genetic interactions are complex and not 

25 firmly established. 
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EXAMPI*E 1 Polymorphic . Variants of Genes Associated with 
5 Apoptosis and Oxidative Stress in Leber's Hereditary Optic 
Neuropathy 

Purpose: To determine whether genetic polymorphisms for 
oxidative stress and apoptosis cause the clinical variability 
10 in patients with I*eber r s hereditary optic neuropathy <LH0N) . 

MATERIALS AND METHODS 

Patients 

We studied 66 unrelated Japanese patients with LHON 
carrying the* 11778 mutation with homoplasmy. Their mtDNA 
15 mutation was confirmed by polymerase chain reaction followed 
by a restriction-enzyme assay which revealed concordant gain 

of an #aeIII site* 

* * * 

The mean age at the onset of visual loss in 86 XjHON 

patients was 25^1 ± 13 »0 years with a range 3 to 65 years. 

20 Genomic DHA Extraction and Geno typing 

DN3V. was extracted from peripheral blood leukocytes by 

the SDS-proteinase K and phenol/chloroform extraction method; 

Polymorphisms were examined in the oxidative stress-related 

gene/ microsomal epoxide, hydrolase (EPHX1) r and the 

25 apoptosis-related gene, TP53- 

* 
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Each polymorphism was identified using polymerase chain 
reaction-restriction fragment length polymorphism (FCR-RFLP) 
techniques (Table 1) . 

Table lm Primer sequences , product size, and annealing temperatures 



Gene 




Primer sequences 


Product 
size 
(bp) 


Annealing 
Temperature 


Rea -tract ion 
• Enzyme 


W53 


F 
R 


TTG CCG TCC CAA GCA ATG GAT OA 
TCT GOG AAG GGA CAG AAG ATG AC 


199 


€0.0 


Aco XX 


EPHX1 


F 
R 


GAT CGA TAA GTT CCG TIT CAC C 
TCA ATC TTA GTC TTG AAG TGA GGA T 


165 


S6.0 


EcoR V 



RESULTS 

The associations between age at onset and the 
polymorphisms were presented in Table 2-1 and Table 2-2- 

Table 2-1* Association between age at onset: and TB53 (Arg72Pro) and EPHX1 
(Tyrll3Hia) gene, polymorphism in Leber's hereditary optic neuropathy 



Gene 


Genotype 


P 


TPS3 <Arg72Pro> 

Age at onset 


- Arg/Arg 
20.7±i0.6(n«35) 


Arg/pro, + Pro/Pro 
28.1*13.8 (n~5l> 


0.009 


EPHX1 (Tyrll3His) 

Age at onset 


Tyr/Tyr -f Tyr/His 
27.9±X3.S(n«45) 


His /His 
22.1±11.4(n=4l) 


0.038 



P value for jt-test 
Table 2-2. Association between age at onset and TP53 (Arg/Arg) and EPHX1 

(His /His} gene polymorphism in Leber's hereditary optic neuropathy 



Group 1 


Group 2 


Group 3 


P 


Arg/Arg and His/His 


Arg/Arg or His/His 


others 


17.7±9.3 (n~19) 


25.3±X1.3 (n=38) 


29.8*15.1 (n=29) 


0.O044 



P. value for Kruskal-wallls 

Group 1: Patients who have Arg/Arg at codon 72 in TP53 and His/His at codon 
113 in EPHX1. 
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Group 2s Patients who have. .Arg/Arg at codon 72 in TP53 tout not His/His 
at codon 113 in EPHXl, or His/His at codon 113 in EPHXl but not 
• Arg/Arg at codon 72 in TP53 
Group 3 s Patients other than Groups 1 and 2 

5 

As shown in Table 2-1, the codon 72 genotype in TP53 
and the codon 113 genotype in EPHXl were significantly 
associated with younger age at onset of Leber's hereditary 
optic neuropathy* 

10 As shown in Table 2-2/ the co-existence of the Codon 

72 genotype in TPS3 and the codon 113 genotype in EPHXl were 
significantly associated with younger age at onset of Leber 1 ' s 
hereditary optic neuropathy. 

These results indicated that detection of the Arg/Arg 

15 homozygote in TP53 and His/His homo zygote in EPHXl make 

possible the early diagnosis and early treatment of Leber's 
hereditary optic neuropathy. 

These results also indicated that the Codon 72 
polymorphism ma$r interact with mitochondrial dysfunction to 

20 influence disease expression. Individual variations may 

exist in the apoptotic response that is correlated with the 
polymorphism at codon 72 of p53. Bonafe et al (Biochem Biophys 
Res Commun 2002;299: 539-541 .) «, reported that cultured cells 
from healthy subjects carrying the Arg/Arg genotype underwent 

25 more extensive apoptosis than cells f rom Arg/Pro subjects in 
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response to the cytotoxic drug cytosine arabinoside. Thus, 
naturally occurring genetic variability at the p53 gene could 
partly explain individual differences in in vivo 
susceptibility of cells to * chemo therapeutic drug* Duaaount 
et al (Nat Genet 2003;33:357-365). reported that the Arg72 
variant was more efficient than the Pro72 variant at inducing 
apoptosis, with at .least one mechanism underlying this greater 
efficiency being enhanced localization of Arg72 variant to 
mitochondria in tumor cells- The synthetic p53 inhibitors 
might be highly effective in treating LHON in which neurons 
died by apoptosis triggered by mitochondrial impairment and 
oxidative stress* 

Example 2 Mitochondrial DMA. mutations related with Leber's 
hereditary optic neuropathy in primary open-angle glaucoma, and 
normal-tension glaucoma . 

Materials and Methods 
Patients * 

A total 651 blood sa mp les were collected at seven 
institutions in Japan* There were 201 POAG patients, 232 NTG 
patients, and 218 normal controls, and none of the subjects 
was related to others in this study. 

The mean age at the time of examination was 61.2 ± 16.0 
years in POAG, 58.8 ± 13. 6 years in NTG, and 70. 6 ± 10.9 years 

t 
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in the control subjects* The mean age of the control subjects 
was significantly older than that of POAG patients (P<0*001> 
and the NTG patients (P <0.001) - We purposely selected older 
control subjects to reduce ^he probability that a subset of 
them would eventually develop glaucoma. There were 112 (55,7%) 
men in the PQAG group, 108 (46.6%) in the NTG group, and 89, 
(40.8%) in the control group • 

Patients were considered to have PO&G if they had a 
normal open-angle, a cup-disc ratio greater than 0.7 with 
typical glaucomatous visual field loss on either Goldiaann or 
Humphrey perimetry, and the absence of ocular, rhinplogic, 
neurological, or systemic disorders which might be responsible 
for the optic nerve damage* Patients with NTG had an IOP of 
21 mmHg or lower* Patients with exfoliative glaucoma, 
pigmentary glaucoma, and corticosteroid- induced glaucoma were 
excluded* 

Two-hundred^-eighteen control samples were obtained 
from Japanese subjects who had no known eye abnormalities 
except for cataracts. These subjects were older than 40 years, 
had IOPs below 21 mm Hg, had normal optic discs, and no family 
history of glaucoma. 

Detection of mtDNA. Mutations by Invader® Assay 

Genomic DNA was isolated from' peripheral blood 
lymphocytes by standard methods of phenol-chloroform 
extraction * 

a 
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The primary probes (wild and mutant probes) and Invader 
oligonucleotides (Invader* probe) used to detect the six mtDNA 
mutations (G3460A, T9101C, G9804A, G11778A,. T14484C, and 
T14498C) by the Invader® assay are shown in Table 3. 

tfchle 3 The oligonucleotide sequence at wild type, mutant, and Invader pjcobea with Invader oczsvy to detect 



Nucleotide Targets 


Probe sequence 




Dye 


G346QA 


Anti-sense 


wULd j^XffiOGcaGGzysgccat^aaaoi^tcaecn 
Mtxtant OGOBCPGftSGac^fcaaaactctAcaccaaa 


03.2 
63.3 
77.7 


BED 


T9101C 


sense 


Wild osc^cxxSRja^t^raag^gtagagggaagg 
Tiwader o^ca^agc^atttcrt^^gategtcAGtogaalrtagaAl^^^aAgT 


64.1 
62.2 
76.8 


FED 


G9804A 


tinti-aense 


Wild ASGGSU7G0GG3tf3e^c^c»ggct.^oca 
Katant CBOgOOBU3^ceacagq^tcoa<3 
Invader cattt c cgacggcatctacggct caacatttt^t ar 


63-7 
63.7 
76.7 


EAM 
BED 


G11778A 


Anti- sense 


Wild JU5©tSW»MSG3«Sgc^ 
Mutant OC3C3GOGGasGacatc^1^at^xrtct^tcaag . 
Ipyndex gcrfiagoaaactcaAactacgaac^cactcacagtct 


63.5 
62.2 
77.7 


BED 


T14434C 


sense 


mid ogogeosaoc^tg^ot.ctt^a^fcateot^c 

Mutant ^OGgROOCgxau^gQl^gtcLtL^^atetiacta 
Invader tfcfcticgg^aggttial^fcgggfctt^ta 


63.4 
62.8 
76.0 


EAM 
XCED 


S14498C 


aenae 


Wild CGCecsxavSGattrtagggggaatgatggfc 
Kotant, APGXSACGCSSGAGgtttagggOTaatgat^g 

Invader litjfctiafctafctcfcgaAfcfcttggggg agg I Latafcgggtyttai at agttrtrtt fctaattt^T 


64.0 
62.7 
74.1 


EW* 
RED 



» »• * 

Invader® assay FRET-detection 25 6-well plates (Third 
Wave Technologies, Inc, Madison, WI) contains the generic 
components of ail Invader® assay (Cleavase® enzyme VIII , FRET 
probes, MOPS buffer, and polyethylene glycol) dried in each 
of the individual wells* The biplex format of the Invader® 
assay enabled simultaneous detection of two DNZV sequences in 
a single well, * 

The detail method was described previously. In brief/ 

8 jil of the primary probe/ lnvader®/mixture and total DNA (10 

jr. • * 

» 
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■ 

ng) samples w^re added., to each well of a 96-well plate, and 
were denatured by incubation at 9.5° C for 10 mini After 15 \xl 
of mineral oil (Sigma, St. Louis , MO) was overlaid on all 
reaction wells, the plate was incubated isothermal ly at 63° 
5 C for 2 hours in a FTC-100 thermal cycler (MJ Research, Waltham # 
MA) and then kept at 4° C until fluorescence measurements • The 
fluorescence intensities were measured on a CytoFlour 4000 
fluorescence plate reader (Applied Biosystems, Foster City, 
CA) with excitation at 485 nm/20 nm (wavelength/ bandwidth) 

10 and emission at 530 nm/25 nm for FAM dye; excitation at 560 
nm/20 nm and emission at 620 ma/ 40 nm for Redmond RED (RED) 
dye. Each samples was tested in duplicate in the same plate 
and two fluorescence measurements were performed in each plate. 
Thus, four measurements were obtained for each sample and they 

15 were averaged* 

Direct DNA Sequencing 

To detect mutations by direct sequencing, the PCR 
products were first purified with the QIAquick PGR 
Purification Kit (QIAGEN, Valenica, CA, USA) to remove 

20 unreacted primers and precursors. The sequencing reactions 
were then performed using the AB1 PRISM BigDye Terminator 
(v. 3.1) Cycle Sequencing Kit, according to the manufacturer's 
protocol (Applied Biosys terns) - The data were collected by the 
ABI PRISM 310 Genetic Analyzer and analyzed by the AB1 PRISM 

25 sequencing analysis program (v.3.7) . 

* » 
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Table 4. Primer sequences 



m utmtion 


3460 


F 




R 


11778 


F 




R 


14484 


F 




R 


9101 


F 




R 


9804 


F 




R 



Primer Sequenoet 



GAG TCA GAG GTT CAA TTC CTC 
TGG GGA GGG GGG TTC ATA OTA 
GGC OCA GTC ATt.CTC ATA AT 
A A G TAG GAG AGTOAT ATT TG 

GOT TTG TTT CTG TTG AGT Gt 
AAA ATG CCC TAG CCC ACT TC 
GTC ATT ATG TOT TG T COT GC 
CAC'ATC COT ATT ACT CGC At 
CGG ATG A A G C AG ATA GT G AG 



RESUX/TS 

A total of 651 Japanese subjects were studied. When a 
nucleotide substitution is located within a primary probe or 
an invader probe, the examined cases showed no reaction to both 
probes by Invader assay. In such cases , direct sequence 
analysis showed single nucleotide polymorphisms (SNPs) at the 
nucleotide position of 9099, 9101, .9102, 9797, and 9815. 

As shown in Table 5, 7 patients including 5 females and 
2 males harbored 5 mutations of mtDNA, and have not developed 
LHON. Two patients (Cases 1 and 2) harbored novel amino acid 
changes which have not been to associated with LHON, and 5 
patients (Cases* 3 to 7) harbored liHON mutations - 

These mtpNA mutations were not detected in normal 
controls • 

Table 5. ' 



Case 


mtDNA mutation . 


Patient 


1 


C9099A mutation (lie to Met) 


POAG .(Male) 
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2 1 


T9XOXG mutation (lip to Ser) 


POAG (Female) 


" 3 


T910XG nutation (lie to Thr) 


JPOAC (Female) 


A 


©9804A mutation (Ala to Thr) 


PQAC (Male) 


5 


G9804A mutation (Ala to Thr) 


ntg (Female) 


6 


G11778A mutation (Arg to His) heteroplasmy B0% 


FOAG (Female) 


7 


G11778A mutation (Arg to His) heteroplasmy 15% 


NTG (Male) 



As described above, we found 5 mtDNA mutations including 
2 novel mtDNA mutations in glaucoma patients . These results 
indicated that mtDNA' mutations is one of the risk factor to 
5 develop or progress the glaucoma, and detection of the mtDNA 
mutations makes- possible the early diagnosis and early 
treatment of glaucoma. 

Example 3 Gene polymorphisms of the renin-angiotensin 

10 aldosterone system associate with risk for developing primary 

» ». * 

open-angle glaucoma and normal -tension glaucoma 

k * * 

Purpose: Multiple environmental and genetic factors may be 
involved in pathogenesis of glaucoma » To predict genetic risk 
of glaucoma/ an association study in gene polymorphisms of the 
renin- angiotensin-aldosterone (R-A-A) system was performed. 
MATERIA!^ and METHODS 
Patients and Control study subjects 

A total of 551 blood samples were collected at seven 

** » 
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institutes in Japan, ffhey were 162 POAG patients, 193 NTG 

" 1 patients, and 196 normal subjects, and none of the subjects 

was related to others in this study. 

The average age at examination was 58,8 ± 13-7 years 

S in NTG, €2.0 ± 15.4 years in POAG, and 71.2 ± 10.4 years in 

normal subjects . The average age of the normal control subjects 

is significantly higher than NTG patients (p <0.001) or POAG 

patients (p <0.001), respectively. This could reduce the 

possibility that a subset will eventually develop glaucoma. 

10 The familial history was recorded in 66 (34.2%) out of 127 NTG 

patients and 49 (30.2%) out of 113 POAG patients. Male patients 

were 89 (46.1%) in NTG and 87 (53.7%) in POAG, and 77 (39-3%) 

in normal sub j ects . 

One hundred ninety-six Japanese control samples were 

15 obtained from individuals who had no known eye abnormalities 

except cataract. These subjects were older than 40 years. with 

* • * 

IOP below 21 mmHg, no glaucomatous disc change, and no family 

history of glaucoma. 

Genotyping 

20 Seven genes and 10 polymorphisms in the R-A-A system 

were determined for each subject with glaucoma or normal 
Japanese control with renin (REN) I8-83G>A, angiotensin II 
type 1 receptor (AT1R) 1166A^C, -5210T, ~ , 713T>G # angiotensin 
II type 2 receptor (AT2R) 3123C>A, cytochrome P45011Bi 

25 (CYP11B1) -344T>C, and chymase (CYM) 31230A, were identified 
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using by polymerase £5hain reaction-restriction fragment 
le&gth polymorphism (PCR-RST.P) * The angiotensin-converting 
enzyme (ACE) insertion/deletion (I/D) was determined only by 
PCR and agarose gel electrophoresis. To avoid the false 
determination of ACE/ID polymorphism, I allele specific 
amplification was carried out following the protocol of 
Lindpaintner et al (N Engl J Med 1995; 332: 706-711) • Genomic 
DNA was isolated from peripheral blood lymphocytes by 
phenol-chloroform extraction. The primer sets and restriction 
enzymes used were listed in Table 6. 



Table 6. Primer pair sequences used for. PCR amplification and restriction 



enzymes of polymorphic sites in renin angiotensin, system 



IS 



20 



Bene 


Polymorph! atl 


VxilMC sequencos 


Xnnoailny , 

temp 


Product size 


RMtlctton 


DipGfltod pro^uotB 


REM 


IB-BSOA 


TGAGGTTCGAGTCG6GCCCCT 
TCOCCAAACATGGCCACACAT 




250bp 


Mbox 


<S: 
Ar 


2S0bp 
171+79bp 


ACE 


Z/D 1st Step GCCCTGCAGGTGTCTGCAGC3\TGT 


63t: 


D: 319bp 












GGATGGCTCTCCCCGCCTTGTCTC 




I j 597bp 










2nd Step TGGC»1XACAGC60CCGCCACTAC 


677S 


D/$s no product 












tfCGCCAGOCCTCCCATGCCCATAA 




Ii 33Sbp 








' ATI 


• 1166A>C 


GAqOTYGAGTGACATCTTOGAAAC 




253bp 


DdeX 


As 


2S3bp 


V 




CGT CATCTGT CT AATGCAAAATGT 






C: 


155+98bp 




. -S21C>T 


CGT G ATGTCT TTATCTGGT TTTG 
QSAACTTTGGTAA\TAGAGTTGTGG 


eo^c 


270bp 




Ct 

T£ 


270bp 
M4+126bp 




~7l3T>G 


AAAC^ACAGTCACXXTOCTCTCCT 




292bp 




Tr 


170tl22bp 






TTCTTCACAAACTCTTCCAA 








6s 


292bp 


AT2 


3X230A 


CX3ATTCAGATTTCTCTTTGW\ 


53*C 


34 Cft>p 


Alul 


Ci 


340bp 






GCA^G^AGTATGATTTAAtC 








Ai 227+lX3bp 


CYP11B1 


-3440T 


CXCACCCAG GAACCTGCTCTC<3AAftCATA 


63"C 


404 bp . 


BaeXXX 


Cs 
Ti 


333bp + 7lbp 
4D4 bp 


CMA 


-1903A>G 


GGAAATGTGAGCAGATAGTGCAOXC 
AATC066A6CTGGAGAA0TCTTGTC 


5l"C 


2d$bp 


Bat XI 


At 
G: 


285bp 
195+90bo 



The geno typing angiotensinogen (AGT) T174M, M23ST was 



determined using by Invader assay® . 
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RESULTS 

Genotype distribution of R-A-A eyetem in Japanese population 
Of 10 polymorphisms in R-A-A system, three showed a 

significantly difference c *in frequencies of genotypes: 
5 REN/I8-83G>A for POAG, AT1/-713T>G for PGAG, and AT2/3123C>A 

for NTG (Table 7) - A 31-230A polymorphism was associated with 

only female patients with NTG- 

A frequency of homozygous G genotype (GG) in ATl/~713T>G 

polymorphism was significantly higher (p=0. 04 for TT+TG v GG) 
10 in POAG patients (4.2^) than in controls (0.5%) . And a frequency 

of homozygous A genotype (2VA) in REN/I8-83G>A polymorphism was 

significantly lower (p=0.031 for GG+GA v AA) in POAG patients 

(0*7%) than in controls (5.5%). A frequency, of CA+AA genotypes 

in AT2/3123C>A polymorphism was significantly higher (p«0 * Oil 
15 for CC v CA+AA) in female patients with NTG (70.8%) than in 

female controls (SS.0%) - 
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Table 7. Association between glaucoma (poag and NTG) and gene polymorphism 
of -the renin- angiotensin aldosterone system. 



5 



Gene 


Gene 
Polymorphism. 




Genotype 
Frecfuencv . 


P 


Renin 


I8-83G>A 




GG+GA 


AA 


POAG 
(n=153) 


152 
. (99.3%) 


1 

(0.7%) 


0.031 


NTG 
(n=18S) 


177- 
(95.7%) 


8 

(4.3%) | 




Control 
(n«183) 


i7'3 

(94.5%) 


10 
(5.5%) 




ATI 


-713T>G 




.TT-f-TG 


GG 


P 


POAG 
(n s = 1 165) 


158 
(95.8%) 


7 

(4.2%) 


0.04 


NTG 
(n=208) 


20Q 
(100%) 


0 

(0.0%) 




Control 
(n=198) 


197 
(99.5%) 


i 

(0.5%) 




AT 2 


31230A 
(Female) 




CC 


cA+ik 1 


P 


POAG 
(n=79) 


34 
(43.0%) 


45 

\ (56.0%) 




NTG 
(n«120) 


35 
(29.2%) 


85 
(70.8%) 


0.011 


Control 
(n=lll) 


54 
(45.0%) 


66 
(55.0%) 





15 

Association between two promoter polymorphisms in ATI in POAG 

» • » 

patients 

A frequency of POAG carriers with combined homozygous 
-521T and homozygous -713G (4.2%) was significantly higher 
20 (p«0.011) than v that of normals (0%) (Table 8).. Only POAG 
patients, neither NTG nor normal subjects , had this genotype. 
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Table 8. Distribution e£ genotypes of" ATI -521T allele and -713G allele 



5 



Group 


- A 


B 


p 


PORG 


7 


o 158 


0-011 


(n=?165) 


(4-2%) 


(95.8%) 




NTG 


0 


208 




(n=208) 


(0.0%) 


Tioo.o%) 




Control 


0 


198 




(N=198) 


(0.0%) 


(100.0%) 





A: Subjects with two -521 alleles and two — 713G alleles 
Bz subjects not satisfying the criteria for Group A. * 



These results indicated that gene polymorphism of the 
10 renin- angiotensin aldosterone system is one of important 
genetic risk factors for development of glaucoma • Detection 
of the REN/I8-83G>A and AT1/-731T>G polymorphisms make 
possible the early diagnosis and early treatment of POAG- 
. Especially, specific genotype of combined homozygous -521T and 
IS homozygous -713G in the ATI gene is useful for the early 
.diagnosis of POAG - Detection of the AT2/3123C>A polymorphisms 
make possible the early diagnosis and early treatment of female' 

V » • 

patient with NTG. 

20 Example 4 Gene polymorphisms of the Endothelin gene associate 
with risk for developing normal-tension glaucoma 

Methods 
Patients 

25 A total of 605 blood samples were collected. There were 
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178 POAG patients, 2*14 HTG patients , and 213 normal controls, 
and none of the subjects was related to others in this study. 
Patients were considered to have POAG if they had a normal 
open-angle, a cup-disc rat£b greater than 0*7 with typical 
5 glaucomatous visual field loss on either Goldmann or Humphrey 
perimetry, and the absence of ocular, rhinologic, neurological 
or systemic disorders which might he responsible for the optic 
nerve damage • Patients with NTG had an IOP of 21 rnmHg or lower . 
Patients with exfoliative glaucoma, pigmentary glaucoma, and 

10 corticosteroid-induced glaucoma were excluded. Control 
samples were obtained from Japanese subjects who had no known 
eye abnormalities except for cataracts- These subjects had 
lOPs below 21 mm Hg, had normal optic discs, and no family 
history of glaucoma. 

IS Detection of G/T polymorphism of endothelin (ET) gene by 
Invader assay - - - 

DN& was isolated from peripheral blood lymphocytes by 

V k » 

standard methods of phenol -chloroform extraction, and G/T 
polymorphism <I*ys/lys, Lys/Asn andAsn/Asn) .at codon 198 in 
20 exon 5 of ET gene was determined by the Invader® assay. The 
primary probes (wild and mutant probes) and Invader® 
oligonucleotides (Invader^ probe) used to detect the G/T 
polymorphism of ET gene are shown in Table 9. 
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Table 9. 



Hufc*tlon 


nucleotide 
change 


Taryot 


Prpbc Sequence 


Tra 


Dye 


EDN ExS GT 


G to T 


Sense 


Wild ^-^^cgccgaagCTT^CTTTC^VSCrrGO 
Mutant acggacgcg^agATTGCCTTTCAOCTTGG 
Invader GTTGTGGGTCAGATAACGCTCTCTGOAJ&GGr 


64-6 
64>0 
76.9 


RED 



5 Invader® assay FRET-detection 96-well plates (Third 

Wave Technologies/ Inc, Madison r WI) contains the generic 
components of an Invader® assay (Cleavase® enzyme VIII/ FRET 
probe S/ MOPS buffer, and polyethylene glycol) dried in each 
of the individual wells. The detail method was described 

10 previously. In brief , 8 \xl of the primary 

probe/ Invader® /mixture and total DNA (10 ng) samples were* added 
to each well of a 96-weil plate, and were denatured by 
incubation at 95° C fori Omin. . After 15 |xl of mineral oil (Sigma/ 
St. Louis/ MC>) was overlaid on all reaction wells, the plate 

15 was incubated isothermally at 63° C for 2 hours in a PTC-100 

thermal cycler {MJ Research, Waltham, MA.) and then kept at 4° 
» * * 

C until fluorescence measurements. The fluorescence 

V » * 

intensities were measured on a CytoFlour 4000 fluorescence 
plate reader (Applied Biosystems, . Foster City, CA) with 

20 excitation at 485 nm/20 ran (wavelength/ bandwidth) and 
emission at 530 nm/25 nm for FftM dye; excitation at 560 nm/20 
nm and emission at 620 nm/40 nm for Redmond BED (RED) dye. Each 
sample was tested in duplicate in the same plate and two 
fluorescence measurements were performed jln each plate-- Thus, 

25 four measurements were obtained for each sample and they were 
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averaged • 
Results 

The genotype frequencies of G/'T polymorphism (Lys/lys, 
Lys/Asn and Asn/Asn) at codton 198 in exon 5 of ET gene are 
5 presented in Table 10. 



Table 10. The genotype frequency at codon 198 in exon 5 of ET gene 



Group- 


n 


Genotype Frequency 


| Genotype Frequency 




Lys/lys 


Lys/Asn 


Acn/Asn 


p H Xiy's/lys 


Iiys/Aan 
+ 

Asn/Aan 


Control 


213 


S3 - 

(44.1%) 


93 
(43,7%) 


26 
(12.2%) 


U 

I (44.1%) 


119 
(55-9%) 






214 


120 
(56.1%) 


72 
(33.6%) 


22 
(10.3%) 


°- 046 | (56.1%) 


94 
(43.9%) 


0.014 


POAG 


178 


82 
(46.1%) 


77 
(43.3%) 


19 
(10.7%) 


1 (46.1%) 


. 96 
(53*9%) 





These results indicated that Lys/Lys homozygote of ET-1 

15 gene at codon 198 in exon 5 is one of the risk factor to develop 

or progress the NTG, and detection of the Lys/Lys homozygote 
* * * * 

makes possible the early.diagnosis and early treatment of NTG- 
» • * 

Example 5 Novel* MYOC Gene Mutation, Fhe369Leu, in Japanese 
20 Patients with Primary Open-angle Glaucoma Detected fay 
Denaturing High-performance Licjuid Chromatography 

Purpose: To screen for mutations in the MYOC gene in Japanese 
patients with primary open-angle glaucoma (POAG) using 
25 denaturing high-performance liquid chromatography (DHPLC) * 

,«5 « 

I 
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Materials and Methods 
" ' Patients 

XL* 

Blood samples were collected from 171 POAG patients and 
100 normal subjects at. seve£i Japanese medical institutions. 
S The subjects were unrelated, and their mean age at the time 
of examination was 55,1 ±16-0 (± standard deviation) years 
for the patients with POAG and 70. S ± 10.6 years for the normal 
subjects. We purposely selected older control subjects to 
reduce the probability that a subset of them would develop 
10 glaucoma. 

A detailed family history was obtained by interviews 

in 55 POAG patients (32.2%) . There were 91 men (53.2%) in the 

POAG patients , and 41 men (41 .0%) in the normal subjects. 

dna Extraction and PGR Conditions 

15 Genomic DNA was isolated from peripheral blood 

lymphocytes by standard methods. The seven exonic regions of 

» » » 

the MYOC gene were amplified by polymerase chain reaction (PCR) 

using the primer sets listed in Table 11 . For high- throughput 

analysis of the* patients, samples from three patients were 

20 pooled ♦ The PGR ^reaction was performed with a thermal cycler 
(iCycler; Bio Rad, Hercules, CA) in a total volume of 25 jxl* 
The PGR conditions were: denaturation at 95° C for 9 min; 
. followed by 35 cycles at 95° C for 1 min; 58* C for 30 sec (Table 
1) ; and 72° C f or 1 . 5 min; a final extension step was then carried 

25 out at 72° c for 7 min. For heteroduplex formation, each PGR 
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product (25 jxl) was denatured at 95° C for 5 min and gradually 
" ' cooled to 25* C. 

For analyses of a few samples/ each of seven exohic 

regions was amplif led simultaneously by PCR in a 96-well plate 
S (96-well Multiplate, MLP-9601; MJ Research, Waltham, MA) - 

Seven wells were used for each patient. Primer sets were 

designed to be effective using a single annealing temperature 

of 58° C (tfable 11) - 

10 Table 11* Primer sequences r product size, and PCR annealing and DBPI*C 
analysis temperatures 

Primer sequences Product PCR Tm DHPLO Tm 



Exon 



1A 


F 
R 


AQC AOA QCA GAG OTT TOO AGA GGA 
OTO GAG GTC TAA QCQ.TTG G 


302 


58.0 


61* 


IB 


F 
R 


OAG GOO ATG TGA GTC ATC OA 
TCT OAT TTT OTT GOO TTA GTC 


298 


S8.0 


61.2.64.5 


lO 


F 

. R 


GAA ACC OAA AGO AGA GAG 

ATA TOA COT GOT GAA OTO AGA GTC 


255 


58.0 


61.0,63.5 


2A 


F 
R 


OCT CAA CAT AGT OAA TOO TTG GGC 
AOA TGA ATA AA.G ACC ATG TOG GO A 


245 


68,0 


66.3, 59.3 


*3A 


F 
R 


GAT TAT GGA TTA'AGT. GGT GOT TOG 
TGT .CTO GGT ATT OAG OTO AT 


375 


58,0 


58.3. 513. 62 _3 


is 


F 

R . 


CAT AOT GCO TAG GCC ACT GGA • 
ATT GGC GAC TGA OTG OTT AO 


337 


58,0 


50.9. 61.4 


30 


F 

B 


GAA TCT GGA ACT OGA AOA AA 
CTG AGO ATC TCC TJC TGC CAT 


333 


58.0 


59.7, 61.7 



15 



20 Denaturing HPLC^ Analysis < 

For high-throughput analysis/ a 25 |Jil volume of Pep, 
products from the three patients was automatically injected 
into the chromatograph for analysis using the WAVE® System for 
DHPLC analysis (Transgenomic, Omaha/ NE) . The DHPI>C melting 

25 temperatures are listed in Table 1. For analysis of a small 
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number of sampies, following 96-well-plate PCR, the plate was 
next placed in a WAVE® System programmed to automatically 
analyze each well at two to three melting temperatures. 
Approximately 3 hrs was sufficient time to analyze one 
5 individual's sample. 

When abnormal chromatographic patterns were detected 
in the pooled samples by the high- throughput protocol/ the 
sample was reanalyzed individually in the WAVE* System. The 
PCR product that showed the abnormal chromatographic pattern 

10 was then sequenced. 

Direct DNA Sequencing 

For direct sequencing, PCR products were purified with 
a QIA Quick PCR purification kit (Qiagen, Valencia, CA) to 
remove unused primers and precursors. The PCR products were 

15 directly sequenced with the same forward and reverse * PCR 

amplification primers on. an ABI310 automated sequencer using 
• * * . • 

BigDye chemistry according to the manufacturer's recommended 

protocol (Applied Bio systems, Foster City, CA) - 

Results * 

20 Screening of Popls of DNA in 171 Patients 

Four DHPLC tracing patterns in the Exon3C region were 
shown in Figure 1. The upper most pattern (A) has a normal 
appearance, while the middle pattern (B)* showed a broad 
shoulder, and the lower patterns (C and D) had a characteristic 

25 double peak pattern indicative of sequence variations in this 

i 
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region. Sequencing analysis of samples B, C# and D revealed 
THr448Pro, Pro48}Ser / and Ala48 8jU.a mutations {Table 12) . 

Four glaucoma- causing mutations were identified in 5 
(2.9%) of 171 patients witlv POAG. In addition, eight 

• 5 polymorphisms and five synonymous codon changes were 

identified (Table 12) . One novel missense mutation, Phe369LeU 
detected in exon 3 (Figure 2) was not present in 100 normal 
Japanese subjects* The three other missense mutations, 
Xle360Asn, Ala363Thr, and Thr448Pro have been reported in 

10 Japanese patients with POAG. 



Table 12. MYOC mutations and polymorphisms in patients with POAG and 
controls 



20 





Exon 


Sequence 


Amino acid 


"Frequency 






change 


change 


patients 


- controls 


Mutations 


3 


c,1079T>A 


He360Asrt 


1/171 


0/100 




3 


o.1087G>A 


A!a363Thr 


2/171 


0/100 




3 


c11D5T>C Phe369Leu* 


1/171 


O/100 




3 


c.1342A>p 


Thr448Pro 


1/171 


0/100 


Polymorphisms 




c.34G>C 


Gly12Arg 


1/171 


2/100 






c.57G>T 


Gtn19His 


1/171 


1/10Q 






c.136C>T 


Arg46Stop 


1/171 


1/100 






c210O>T 


Val70Val* 


2/171 


0/100 






e.227G>A 


Arg76Lys 


14/171 


9/100 






c.369C>T 


Thr123Thr 


1/171 


0/100 






o.473G>A 


Arg158Gln 


1/171 


1/100 




2 


C.6110T 


Thr204Met 


0/171 


1/100 




2 


o.624C>G 


Asp208G(u 


5/171 


2/100 




3 


c864p>T 


Ile288ne 


1/171 


0/100 




3 


c.1110G>A 


Pro370Pro 


0/171 


1/100 




3 


0.14410T 


Pro43tSer 


1/171 


0/100 




3 


c,1464C>T 


Ala488Ala 


3/171 


1/100 



* Novel myocilin mutation; f novel myocilin polymorphism* 
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Screening of Individual ^Patients by Plate PGR followed by DHPIC 
A DHPLC tracing from a patient with PGAG 1 is shown in 
Figure 3, In the exon3B region, an abnormal tracing indicative 
of sequence variation can beseen/ which proved to represent 
5 a Phe369Leu mutation on direct sequencing. 

Example 6 Variants in Optineurin Gene and their Association 
with Tumor Necrosis Factor-a (-8570T)' Polymorphisms in 
Japanese Patients With Glaucoma 

10 

Purpose: To investigate sequence variations in optineurin 

(OPTN) gene and their association with TJtfF-a polymorphism in 

Japanese patients with glaucoma. 

SUBJECTS AND METHODS 

15 Patients and Control Subjects 

* A total of 651 blood samples were collected at seven 

institutions in Japan, There were 201 POAG patients, 232 NTG 

* » * 

patients, and 218 normal controls, and none of the subjects 

was related to Others in. this study. 

20 DNA Extraction ^nd PGR Conditions 

Genomic DMA was isolated from peripheral blood 

lymphocytes by phenol-chloroform extraction. The 13 exoiiic 

coding regions of the OPTN gene were amplified by polymerase 

chain reaction (PGR) using the primer sets listed in Table 13. 

25 A 20-base GC-clamp was attached to some of the forward primers 

* 
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10 



to detect mutations in .the higher melting temperature domain 
by DHPLC analysis* In high- throughput analysis, 'samples from 
three patients were pooled, PCR was performed with a thermal 
cycler {iCycler, Bio-Rad; HS'rcules, CA) in a total volume of 
20 ill containing; 45 ng of genomic DNA, 2 jxl GeneAmp lOx PCR 
buffer II , 2 |il of Geneflmp dNTP mix with a 2. 0 wM concentration 
of each dNTP, 2.4 jil of a 25 mM MgCl2 solution; 4 pmol of each 
primer , and 0.1 U of AmpliTaq Gold DNA polymerase (Applied 
Biosys terns, Foster City, Cft) . PCR conditions were; 
denaturation at 95° C for -9 min, followed by 35 cycles at 95° 
C for 1 min, 55 # to 60° C for 30 sec (Table 13), and 72° C f or 
1 min and 30 sec, and a final extension step at 72° C for 7 
min. 
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Table 3.3. Primer sequences, .PCR product sizes, and PCR annealing and DHPLC 
1 t analysis tenjperatures 



Exon 




Primer Sequences 

/CI + ' «It 

13 XO 3 1 


PCR product 

SUSS IvPJ 


PGR 


DHPLC 
Tm rt^> 


4 


F 
R 


CCAGTGGGTTTGTGGGACTCC 
AAAOGOATGGCA'lTlXJl'l'GCA 


317 


60 


61.7 


5 


F 
R 


GTCCACTTTCCTGGTGTGTGACT 
CAACATCACAATGGATCG 


277 


55 


58.7 

* 


6 


F 
R 


AGCXTITAOTTTGATCrGTTCATTCA 
GTTTCATCTXTOCAGGGGAGGCT 


. 293 


60 


57.0,62.5 


7 


F 
R 


GC-cfaap AA3X£CTTGCAXTTCTGTTTTT 
GTGACAAGCACCCAGTGACGA 


188 


55 


59.4.61.4,62.4 


8 


F 
R 


GC^lamp GGTTACTCICTlXJrTAGTCriTXKyA 
GGGTGAACTGTATGGTATCTTAATT 


320 


57 


54.6,58.5 


9 


F 
R 


GOclau^> GCTATTTCTCTTAAAGCCAAAGAGA 
CAGTGGCTGGACTACTCTCX3T 


242 


55 


57.4.59.4 


10 


F 

R 


GC-olwnp GTCAGATGATAATTGTACAGATAT 
AATGTATATTTCAAAGGAGGATAAA 


227 


55 


57.8,59.8 


11 


F 
R 


CCACTGCGACGTAAAGGAGCA 
CAAATCCGAATTCXVWVTCTGTATAA 


286 


60 


57.5.59.5 


12 


F 
R 


GC-oloiup GGTTGGGAGGCAAGACTATAAGTT 
TTCTGTTCATTACTAGGCrrATGGAA 


233 


60 


55.5.56.5 


13 


F 
R 


GAGGCAGAATTATTTCAAAAGCAX 
CGAGAATACAGTCAGGGCTGG 


264 


60 


58.9,61.9 


14 


F 
R 


GCACTACGTCX^rGATGGCATAAACA 
GGCCATGCTGATGTGAGCTCT 


260 


60 


56.7,59.7 


15 


F 
R 


GC-clantp GGACTGTCTGCTCAGTGTTGTCA 
GGTGCCTTOATTTGGAATCCA 


282 


60 


56.0, 59.0,61.0 


16 


F 
R 


GC-okmp CAC^ACTGCCTGCAAAATGGAACT 
GAGGCAAAATATTTGAGTGAAAAGA 


294 


60* 


6t7 



GOoUmp : CGCCCGCCGCCGCCCG<XGC 



Denaturing HPLC Analysis 
5 DHPLC analysis was performed using the WAVE 0 SYSTEMS 

(Transgenomic, Omaha, NE) . For heteroduplex formation, 

products of each PCR (20 were denatured at 95° C for 5 min 

■ - « 

and gradually cooled to 25° C. The annealed PCR products from 

the three mixed samples were automatically injected into a 
10 DNASep® cartridge (Transgenomic, Omaha/ NE) . 
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'1 

Buffer A (Transgpnomic, Omaha, WB) was made up of 0.1 
M triethyl ammonium acetate (TEAA) , and Buffer B of 0,1M TEAR, 
and 25% acetonitrile- Analysis was carried out at a flow fate 
of 0*9 ml/min and the Buffet B gradient increased by 2%/min 
5 for 4-5 min» Elutiori of DNA fragments from the cartridge was 
detected by absorbance at 2 60 nm. The temperatures used for 
the analysis were selected according to the sequences of the 
DMA fragments. The WAVEMAKER software (v,4.1, Trans genomic, 
Omaha, NE) predicted the melting behavior of the DNA fragments 

10 at various temperatures- The predicted melting domains within 
. the DNA fragment determined the temperatures for the DHKLC 
analysis (Table 13) . When abnormal chromatographic patterns 
were detected in a pool of three samples, each of the three 
samples was re-analyzed individually in the WAVE® SYSTEM. Then, 

15 the PCR product that showed an abnormal chromatographic 
pattern was sequenced. 
Direct DNA Sequencing 

To detect mutations by direct sequencing, the PGR 
products were first purified with the QIAquick PCR 

20 Purification Kit (QIAGEN, Valenica, CA, USA) to. remove 

unreacted primers and precursors. The sequencing reactions 
were then performed using the ABI PRISM BigDye Terminator 
(v. 3*1) Cycle Sequencing Kit r according to the manufacturer' s 
protocol (Applied Biosystems) . The data were collected by the 

25 ABI PRISM 310 Genetic Analyzer and analyzed by the ABI PRISM 
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sequencing analysis • prqgram ( v • 3 , 7) „ 

Geno typing OPTN c.412G>A (Thr34Thr) Polymorphism 

The G to A substitution at position c.412 in exon 4 of 
the OPTN geno was detected *by using restriction enzyme/ 
HpyCU 4 TV (New England BioLabs/ Beverly, MA) , with the same 
primers listed in Table 13 for the DHPLC analysis. The G allele 
sequence was cut into two fragments (188 bp + 129 bp) by Hp2/CU 4 TV, 
while the A allele sequence remained intact (317 bp) • 
Geno typing TNF-ot -8570T Polymorphism 

Geno typing the -8570T polymorphism in the TNF-ar 

promoter region was performed according to Kato et al • (Am J 

Med Genet 1999;88:301-304) using the forward primer, 

5' —JRAATCGAGTATGGGGACCCCCCGTTAA— 3 ' , and the reverse primer, 

5 r -CCCCAGTGTGTGGCCATATCTTCTT-3 ' . The forward primer 

contained one nucleotide mismatch (bold and underlined) , which 

allowed the use of the restriction enzyme , JEincII (TaKaRa, 

Shiga/ Japan) . The C allele sequence was cut into two fragments 
* * » 

(106 bp +25 bp) by tflncll, while the T allele sequence remained 

intact (131 bp): 

Statistical Analyses 

The frequencies of the genotypes and alleles inpatients 

,and controls were compared with the chi -square test and 

Fisher r s exact test* The odds ratio and '95% confidence 

intervals (CI) also were calculated. The Hardy-Weihberg 

equilibrium for the observed frequencies was also calculated, 
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The clinical features wqre analyzed for differences associated 
with the genotypes using unpaired t teat. Statistical analysis 
was performed with StatMate III (ATMS, Tokyo, Japan) . Ap value 
of <0«05'was considered to "ne significant . 
5 RESULTS 

OPTN Variants in iTapanesse Subjects 

A total of 651 Japanese subjects were studied, and the 
results are presented in Table 14. 



10 Table 14. OPTN variants observed in glaucoma patients and control subjects 



Sequence Cbdon Frequency in Subjects (%) 
Location Changes Changes POAG KTG Control 



Exon 4 


C.3860G 


His26Asp 


1/201(0.5) 


0/232(0) 


0/218(0) 


Exon4 


C,449-451delCTC 


Leu47del 


0/201(0) 


0/232(0) 


1/218(0.5) 


Exon 5 


c.6031>A 


Met98Lys 


33/201 (16.4) 


S0/232<21.6) 36/218(16.5) 


Exon 16 


c.I944G>A 


Aig545GIn 


14/192(7.3) 


15 / 222(6.8) 


11/214(5.1) 


Exon 4 


c.412G>A 


Thr34Thr 


69/201(343) 


74 / 232 (31.9) 52/218 (23.9) 


Exon 4 


e.421G>A 


Pio37Pro 


0/201(0) 


1/232(0.4) 


0/218(0) 


Exon 4 


C4S70T 


Tnr49Thr 


2/201 (1) 


0/232(0) 


0/218(0) 


Exon 16 


C.2023OT- . 


Ks571Ms 


0/162(0) 


0/193(0) . 


2/196(1.0) 


Intron 4 


C.476+1SOA 




0/201(0) 


0/232(0) 


* 1/218(03) 


Intron 6 


C.863-10OA* 




! N/Cf 


N/C 


N/C 


Intron 6 


C.863-50T* 




N/C 


N/C 


N/C 


Intron S 


c.l089$20G>A 




4/133(3.0) 


11/172(6.4) 


4/126(3.2) 


Intron 9 


0.1192+190T 




0/133(0) 


4/172(2.3) 


3/130(23) 


Intron 11 


C.1458+280C 




1 / 133 (0.8) 


4/172(23) 


0/157(0) 


Intron IS 


C.1922+10OA 




2/133(1.5) 


4/172(23) 


1 / 157 (016) 


Intron IS 


c.l922+12G>C 




0/133(0) 


1/172(0.6) 


0/157(0) 


Intron IS 


C.1923-480A* 




N/C 


N/C 


N/C 



* Sequence variation was found by direct sequencing analysis, 
t Not checked 



Seventeen sequence changes were identified in the 

25 glaucoma patients and control subjects. Among these, 3 were 

« • 
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missense changes, 1 was. a deletion of one amino acid residue, 
4 were synonymous codon changes, and 9 were changes innoncoding 
sequences. One possible disease causing-mutation, His26Asp, 
was identified in one POAG proband and her relatives with NTG, 
5 and was not present in the 218 normal Japanese controls* A 
deletion of Leu47 (3-bp deletion, CTC) was found in 1 control - 

Four synonymous nucleotide substitutions, c.412G>A 
(Thr34Thr), c.421G>A <Pro37Pro) , C-4570T (Thr49Thr) , and 
C.2023OT (His571His) were found. The Thr34Thr substitution 
10 was present in 69 POAG patients, 74 NTG patients, and 52 

controls, and the Pro37Pro was found in 1 NTG patient. The 
Thr49Thr was identified in 2 POAG patients, and the His571His 
was present in 2 controls. 

Distribution' of OFTN Variants in Japanese Subjects 
15 The Thr34Thr (c.412G>A) polymorphism was significantly 

associated with POAG and NTG in both genotype frequency and 
allele frequency (Table 15) „ The most significant association 
was found in patients with POAG and controls (P =0.010 in 
genotype frequency and P = 0.004 in allele frequency) . The 
20 observed genotype frequencies were in agreement with those 
predicted by the Hardy-Weinberg equilibrium. 
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Table 15 ♦ Genotype distribution jand allele frequency of optineurin gene polymorphisms 



'in cases and controls 

4lZ<^A(Thi34Thr) 



POAD 


201 


132(65.7) 




10(S.0> 


aoil 


132 (&7) 


69043) 


0.01* i • 




10(5.0) 


0.0171 


323(803) 


7909.7) 


0404' 






lSt(St.O) 






0.062 


1«(63.0) 


74(3240 


0.058 


7240*15) 


1(3-5} 


0.107 


312(123) 


1207.7} 


0L027& 




ICS 


112(66.7) 






ao2i 1 


H2C6G.7) 


59033) 


ao4o 


160(95.2) 


• <43) 


04241 


27201.0) 


(5409.0) 


con Q 




*f 


46(71.9) 


l*(2*.l) 


0(0) 


0.496 


46(713) 


U(2i.l) 


0.4S7 


640003 




1 


110(855} 


1504.D 




Cootrol 


au 


166(76.1) 


50(22.9) 


20.0) 




166(76.1) 


52(23.9) 




21609.0) 


ao.o> 




312 (87.6) 


5402-4) 
















Genotype freoneacyOO , 


T/T+T/A A /A » 




v -vahta* 


POAG 201 


XT 


„ T /A 

3205^) 


A/A 
t<W> 




16*0tt/>> 


»C&4) 




200(993) 




1 


36S(S>13) 


Mfl3) 


0311 






112 CM) 


4SC19.4 


5(23) 


aies 


H2(7M) 


50(21,6) 


0.174 


327(973) 




0317 


409(84.1) 


55 01.5) 


O096 




168 


131 C71.Q) 


9209*0) 


5(3.0) 


0.096 


13l<77.fl> 


37 (22.2) 


am 


163 


5O0) 


a 050 


294(173) 


42023) 


0.068 




64 


31<J9.7) 




0CCD 


0LG73 


51(79.7) 


13(203} 


0.4*1 


£4000) 


0(0) 


l 


115(W) 


13(203) 


0359 


Control 


21* 


112 C«33) 


35 06.3) 






l«2(¥33) 


3$0«) 




217<»3) 


1(0.5) 




399(913) 


37(83} 





* p vnbu for *2 test. 

* H «Jcacs higH-t«tt NTQ. Maxinun iQP 2S16fnmHg. 
D Lmatwlott^tanNTC^MTOnHmlCS^ glS mmHg . 

I p<O05. 
f *<Q.01 



10 



The clinical characteristics of the glaucoma patients/ 
such as age at diagnosis/ I0P at diagnosis/ and visual field 
score at diagnosis/ were examined for association with 
c.412G>A (Thr34Thr) and c.603T>A (Met98Lys) polymorphisms as 
listed in Table* 16. The glaucoma patients did not show an 
association with the clinical characteristics for the G/G and 
G/A+A/A genotypes in Thr34Thr or for the T/T and T/A+A/A 
genotypes in Met98Lys. 
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Table 16. Comparison of clinical characteristics of glaucoma patients according 



to OBTN genotypes 
c4l2C>A(Thr34Thr) 





Phenotvpc Variable 


G/G 


■ G/A+A/A 


O VQltM* 


POAG 


tOP at diagnosis (mm Hg) 
Visual field score at diagnosis 


to • 53.5 ± 16.4 (n- 129) 
273 ±7.9 (n«84) 
3.1 ±0.9 <n~131) 


54.5 ± 15.9 (n«= 69) 
26.8 ± 73 (n«4l) 
33 ±1.0 (n-68) 


0.680 
0.608 
0.139 


mo 


A&: at diagnosis (ys) 
IOP at diagnosis (mm Hg) 
Visual field wore at diagnosis 


57.1 ± 133 (n= 154) 
16.7 ± 2A (a = 158) 
2.8 ±0.7 (n«156) 


543 ± 13301 = 74) 
16.9 ±2.1 (a = 74) 
2.7 ±0.7 (n = 74) 


0.167 
0339 
0313 




Ago at diagnosis (ys) 
IOP st diagnosis (mm Hg) 
Visual field score at diagnosis 


58.4 ± 12.9 <n- 109) 
18.0 ± 13 (n« 111) 
2.8 ±0.7 (n«lll) 


54.4 ± 12.6 (n- 42) 
173 ±1.6 (a -42) 
" 2.7 ±0.7 (n-42) 


0.117 

0.428 
0385 


c603T>A (Met98Lys) 




Phenotync Variable 


T/T . 


T/A+A/A 


.._ p. ^aroe* 


POAG 


Ago at diagnosis (ys) 
IOP si diagnosis (mm Hg) 
Visual field score at diagnosis 


53.4 ± 1 6.0 (n- 165) 
273 ±73 (n=152) 
3.1±0j9 (n=l66) 


56.2 ± 17.1 (n- 33) 
273 ±83 (n«29) 
33 ±1.0 (a -33) 


0365 
I 

0354 


NTG 


Age at diagnosis (ya) 
IOP at diagnosis (mm Hg) 
Visual field score at diagnosis 


563 ± 13.6* (n- 181) 
16,7 ±23 (n-182) 
2.8 ±0.7 (n-181) 


56.1 ± 12.3 (n- 47) 
17.0 ±2,4 (n-50) 
2.8 ±0.6 <n-49) 


0.927 
0,419 
I 


H-NTG 


Ago at diagnosis (ys) 
IOP at diagnosis (mm Hg) 
Visual field acore at diagnosis 


573 ± 13,0 (n- 130) 
17.8 ± IS (n»X31) 
2,7 ± 0.7 (n - 130) 


57.4± I13(n-35) 
18,1 ±13 (n = 37) 
23 ±0.4 (a-37) 


0.967 
0584 
0.408 



* p values for unpaired t test. 
H means higMccn NTG. Maximum IOP 2si6mmHg. 



* * * 1 * 

Association between OPTN Polymorphism and! TNF-ct Polymorph! sm 
in Glaucoma Patients 

No significant difference in genotype or allele 
frequency was noted between patients and controls for the 
-8570T genotype in the promoter region of the TNF-a gene (data 
not shown) „ The observed genotype frequencies were in 
agreement with those predicted by the Hardy-Weinberg 

K 

equilibrium. However, among individuals with the C/T+T/T 

:r- • * 
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genotype (or -857T c^rr^ers) in the TNF-ot 42.2% of POA<3 

patients were OPTN7 412A carriers compared to 21 ♦ 6% pf controls 
(Table 17) , This difference in frequency was significant IP 
» 0.009). This association #as not observed in patients who 
were OPTN/603A (98Lys) carriers. 



Table 17. Distribution of OPTN genotypes {c.412G>A and c.603T>A) according 
to TNF-or genotypes (-9S70T) in glaucoma - patients and controls 







-8STOT 


OCCH) 


0 vftxs" 


95*0 




95WCI 










<vo 


G/A+A'A p -wdpa* 


10 


POAG 




J* (*?.*> 


42(30.7) 


0290 


1J3 


37(57.8) 


ZTC«&& COOS* 


2iS3 














(0.7P-224) 










mo 




1«(«J> 


S4P3-7) 


0.093 


U3 


52(722) 


. 30CCT«B) 04*8 


U9 














(pS3 -X32) 






(0,65-2^7) 




ONTO 




75«S*,J) 


42 {15.9) 


aow 




37(7X5) 


14 0.453 


1.37. 














(ojw-xro 






(0u60.3.14> 




Ccdrol 




lQtC?3.0> 








58(78.4) 









OtCH> 


» wW» 


Odd* ratio 
95% CI 


OTfT/TCH) 


95 Ha 


o.<5£»T>A 


t/t 


T/A+A/A 




*KA*A/X * le&O* 


FQAfir 


113(825) 


34(17.5) 


0,729 


1.12 


55(834)) 


9(14.1) 0.573 


0.77 










(080-2.09) 






C&30.144) 








a 069 


1.70 


81(84.7) 


11 0*3) 0.709 


0.85 










(OLM-3,01) 






0X32-2-04) 




88(752) 


29(243) 


0.078 


S 1.73 


4>(3«> 


8(15.7) . 0.733 


A87 






23(ldLO) 




Com -320) 




*UC17.6) 


(OJtt-229) 




m(*4,o> 






£1(82.4) 





15 



20 



Bttm WeMwoNTG. MmdimxatOP fctfimHf, 

In P0AG patients, those Who were TNF-a/-S57T and 
OPTN/412A carriers were associated with significantly worse 
(P= 0 . 034) visual field scores than those who were TNF-a/-857T 
and non~OPTN/412A carriers (Table 18) . This association was 
not observed in patients with H-NTG. 
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Table 10. Comparison of clinical characteristics of glaucoma patients., 
according to OPTH genotypes (c.412G>A and c.603T>A) and- TOTF-cc genotypes 
. (-B570T) 



.5 

































eflmnr 












6AM- A/A 




— W2-. 


«/A4A/A 




POAO 


At* <H> 
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Example 7 * Correlation between. Gene Polymorphism or* 
angiotensin II type 2 receptor and the IOE> reducing effect o£ 
angiotensin II receptor blocker 

15 " Methods 

Patients v . 

x ^fe^_b^#^^-s s r ^ y 11 2 cat2> mm 

Bte4*fe. cc&*3fo:£d£4^ CA?&«foici£4^tc s rvWVWil 
2 4 B3f^«DBBJBE©«H££r?BU5£ Ufe, 
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RESULTS 

S3t&5« 1 24 B#fig^OflgE©Jg#iroV1-S\ Table 19 
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Example 8 . Correlation between Gene Polymorphism of endothelxn 
25 and glaucoma 
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Codv Drovided by USPTO from the 1FW Image Database on 03/10/2005 



Methods 

" • poag m^, ntg x xxmi$A&tt&^ ^ is K-tr v ^mmmBi¥(D&m 

Results 

1) aci^K*t:P y©x^yy 1 <Z> A138insertion/deletion (A138I/D) 
Ml*. POAG *3 A NTG £ t> fcgi^^46 feHfc (Table 2 0) „ 

2) iHi'K-fcP ^S^^ A G^P^— ^ — SS*3t<D-231A>G ^Mf*v NTG<4#fc 
^BaEdS lSmniHg StT) irg951*^«?>fettfc (Table 21), 

JLO 3) K"fe V A CO^i^ y is 6 fcfcS His323His (CAC TO CAT) \~ 

*5Vvf OT &m%* mGim^WSm-ifi 15mmHg STF) £P5S3*®ioe>*Wt 
(Table 22) o 

4) K-fe V B O^i^y ^ 4 Leu277I,eu JC*3V>X, G>A # 

POAGfc£t*NTG £*>{rii&)^«>e>*Wi (Table 23), 

15 

1) xyK-tyy® K198N <Lysl98Asn)#Mf3\ NTG ^PS^^©*?) 

V » » 

(Table 24), 

2) ^i'K-fc!) '/©^P*- ^—M*£©-1370T>G NTG £*8!3^tfS§&i6 
20 £>*Wt (Table 25>, 

3) 3i ^ >'ir y ^jg^ffc a©3' non-coding region <D+70C>G (stop codon 
*»fe70#e) POAG kmWfi&tobtofc- (Table 26)„ 

4) s>Kt!)VS^A©3' non-coding region <Z>+1222C>T (stop 
codon 3&*& 1227® @) NTG (BSJE*5 i6nBoHg'-21nmiHg) fc§i^tf*B 

25 i&fc»*Wc: (Table 27), 

}- ,f 

i 
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Tafcle 20. Endothelin A138I/D (Male) 





N 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype ' 
Frequency 


X 3 test 






I/I 


I/D 


D/D 




I/I 






UM/D 


D/D 


p 


Control 


100 


4 


34 


62 




4 


96 




38 


62 




POAG 


100 


3 


21 


76 




3 


97 










NTG 


119 


1 


28 


90 




1 


US 








■ .'' - '* Tl 1 

■~ .? - ' 



Table 21. Endotlxelin Receptor A ~231A>G (Male) 





N 


Genotype 
Frequency 




Genotype 
Frequency 


p 


Genotype 
" Frequency 


jftest 






AA 


AG 


GG 




AA 


AG+GG 




AA+AG 


GG j 


P 


Control 


100 


22 


45 


33 




22 


78 




67 


33 




POAG 


100 


24. 


51 


25 




24 


76 




75 


25 




NTG 


119 


30 


60 


29 




30 


89 




90 


29 




H-NTG 


89 


17 


45 


27 




17 


72 




.62 


27 




L-NTG 


III 


m 




Hit 






!lpgg 






~^m4 



5 H-NTG: NTG patients with intraocular pressure at 16 
inmHg-2 lmmHg . 

L-NTG: NTG patients with maximal intraocular pressure at 
15mmHg or less. 
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Tabl€* 22. EndothelinReceptor A H323H OT . His323His (Male) 



• 


n 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype 
Frequency 


Y*test 

A ****** 

p 






CC 


CT 


TT 




■ t> 
CC 


CT+TT 




cc+cr 


TT 




Control 


100 


9 


40 


51 




9 


91 




49 


51 




POAG 


100 


7 


38 


55 




7 


95 




45 


55 




KTG 


119 


11 


50 


58 




11 


ios 




61 


58 




H-NTG 


89 


7 


32 


50 




7 






39 


50 




L-NTG 


25 


4 


14 


7 




4 


21 











H-NTG: NTG patients with intraocular pressure at 16 



notiHg-2 lmmHg . 

L-NTG: MTG patients with maximal intraocular pressure at 
1 SmmHg or less* 



. Table 23. Endothelin Receptor B L277L G>A Leu277Leu (Male) 





n 

» 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype 
Frequency; 


X 2 test 






GG 


GA 


AA 




GG 


GA+AA 




GG+GA 


AA 


P 


Control 


100 


. 18 


41 


41 




18 


82 ' 




59 


41 




POAG 


100 


26 


48" 


26 




26 


74 








i§B 


NTG 


119 


26 


61 


32 




26 


93 






MB 
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Table 24. Endothelial I*ysl98Asn G>T or K198N (Female) 



a 




Genotype 




Genotype 




Genotype 


v 2 test 




11 


Frequency 


P. 


Frequency 


P 


Frequency 








KK 


KN 


NN 




KK 






KK+KN 


NN 


P 


Control 


124 


52 


59 


13 




52 


72 




in 


13 




POAG 


76 


38 


33 


5 




38 


38 




71 


5 




NTTG 


131 














09 


j 114 • 


17 





Table 25. Endottieliix -1370T>G (Female) 





n 


Genotype 
Frequency • 


P 


Genotype 
Frequency 


P 


Genotype 
Frequency 


x 2 test 
P 


TT 


TG 


GG 




TT 


TG+GG 




TT+TG 


GG 


Control 


124 


66 


56 


2 




66 


58 




122 


2 




POAG 


76 


49 


24 


3 




49 


27 




73 


3 




mo 


131 


HI 


Riff 


iftf 


IB 




1 47 




123 


8 





Table 26. £ndot|ieiin Receptor A +70C>G (Female) . 





n 


Genotype 
Frequency 


P 


Genotype 
Frequency 


V 


Genotype 
Frequency 


X 2 test 






CC 


CG V 


GG 




CC 


CG+GG 




CO+CG 


GO 


P 


Control 


124 


29 


59 


36 




29 


95 




. 88 


36 




POAG 


76 


28 


32 


16 








Pll 


60 


16 




NTO 


131 


35 


66 


30 






96 


■ 


101 


30 
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Table 27. Endothelin Receptor A +12220T (Female) 



1 


n 


Genotype 
Frequency 


P 


Genotype 

* — * 

Frequency 


P 


Genotype 
Frequency 


X*test 
P 


CC 


CT 




' (Sr. 

CC 


CT+TT 


cc+cr 


TT 


Control 


124 


74 


42 


8 




74 


50 




116 


8 




POAG 


76 


40 


30 


6 




40 


36 




70 


6 




KTG 


131 


66 


54 


11 




66 


65 




120 


11. 




H-NTG 


92 


42 


42 


8 










84 


8 




tr-NTG 


35 


21 


11 


3 




21 


14 . 




32 


3 





H-NTG: NTG patients with intraocular pressure at 16 
inmHg— 2 ImraHgf - 

L-NTG: MTG patients with maximal intraocular pressure at 



5 15mtnHg or less. 

Example 9. Correlation between Gene Polymorphism of Adrenalin 
receptor and. Glaucoma 

Methods k „ 

Results v 

01-THW-JJ Arg389Gly NTG tSl^fcfo^fc 

(Table 28) 0 

15 

. - : :r.- 

52 

— 
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Table 28. pi -Adrenal in- .Receptor Arg389Gly 





N 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype 
■ Frequency 








CC 


CG 


GG 




w- 

CC 


CG+GG 




COCG 


GG 


P 


Control 


240 


147 


78 


15 




147 


93 




225 


IS 




POAG 


191 


127 


58 






127 


64 




185 


6 




NTG 


284 


m 


^8 


Ifj 




197 


87 











Example 10. Correlation between Gene Polymorphism of 
E -Select in and. glaucoma 
•5 Methods 

POAG NTG a#*3 i tMfe&A&ftttfelC* E-seleetin i if^ 

Results <■ 

E-selectinCO 1402OT #Mf± N POAG, NTG t fctell^J&S^ifc (Table 
10 29)„ 



Table 29, E-selectin 1402OT 





N 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype 
Frequency 


x*test 






CC 


cr 


TT 




CC 


CT+TT 




CC+CT 


TT 


p 


Control 


224 


138 


67 


19 




138 


86 






19 




POAG 


250 


150 


90 


10 




150 


100 










NTG 


176 


117 


53 


6 




117 


> 59 
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Example 11- Correlation between Gone Polymorph! sm of 

i i 

Paraoxonase 1 anti Glaucoma 
Methods 

POAG M\ NTG^#*5i:t)^^A*^fc. PON1 (^9**^—^1) 5S 
Results 

PON1 5&e^F« Glyl92Arg CQ192R) ^Mf*. POAG 11*^6 6 frfc 
(Table 30) 0 

PON1 JSfe^O I»eu54Met (L54M) #?SU*> NTG (^l^^BSJBE^ ISranHg ^ 
10 T) tmm&l&ftbfrtz (Table 31) 0 



Table 30 P0N1 Glyl92J&xg (Q192R) 





K 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype 
Frequency 


X 2 test 






QQ 


QR 


RR 




QQ 


QR+RR 




QQKJR 


RR 


P 


Control 


224 


32 


107 


85 




32 


192 




13? 


83 
















. - - • 




^^^^^ 


KTG 


160 


32 


66 


62 




I 32 


128 


1 


1 


62 





Table 31 P0N1 > Leu54Met (L54M) 





N 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genotype 
Frequency 


x 2 test 






LL 


LM 


MM 




IX 




* 


IJLtfLM 


MM 


P 


Control 


226 


192 


34 


0 




192 


34 




226' 


0 
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POAG 


110 


97 


13 


0 




97 


13 




110 


0 




NTG 


160 










144 


16 




157' 


3 




H-NTG 


122 


111 


10 


1 




111 


11 




121 


1 




Lr-NTG 


34 










29 


5 













H-NTG; NTG patients with intraocular pressure at 16 
XQ2nHg«21miaHg. 

L-NTG: MTG patients with maximal intraocular pressure at 
15nnaHg or less. 
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., CLAIMS 

(1) EDNI (oci^ K^y ^ i) m.^- : = F>** 198 &ftUt&T 

(2) edni (xyKtjyi) me^S^^-^offcdS^^fcra^T 

■ =y 

(3) edni <»v Kty y i) at^p : 138 mcT^^nmx^. 

10 (4) EDNRA K-fe 9V»ftS A) 3ftfic?> : 70 GfaoSS" h iSf* 

( 5 ) EDNRA <^>" Ki* y yg^ft: a) j&£c^ : 1222 {£3*^ h 

<6) EDNRA {^ly K-tr y A) i&te^ : ^ K^#-^" 323 {&<DK*^*? 

(7) EDNRA (acl' K-fe P A) : *gSf£-g--231 &iJSrf=y^ 

. fcfs^r-^ * • 

( 8 ) EDNRB (cc f Ft? y B) 'a&te^ : » Kl^SN^ 277 o 

20 (9) 5>ayKJJ Tit^F- : *£g#4|- 9099 hi'>'$.itftTf s —>' 
( 1 O) UayHll Titter : mmm& 9101 ffc&S^S i'l§=fcl:£ ; ^7"^>' 

(id * b k y T3ft6KF ; mmrn^- 9101 5 ^itt±-> h ^ 

(12) ^havFS Xat^ : fiSH^ 9804 -^Sfc f*T^= >- 

(13) ^.fa^KyTit^t^^-^-i^e^s^rc^v^feT-?*— 

2S (14) ATI (T is*?**?-**/^ II g^flc 1 ) &&4- : ttt#-J|-713 flM 5 ^ 
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5 ^t£\±f7=^^ 

... • C I 5 ) ATI (T l/*?**? II 1 ) Mfc* : *&^-5§-S21 ffc^ 

(16) AT2 (T^<¥*^^V^iicS»BE#:2) 5fiMBH t :IBffi**3i23ffctft£' 

(17) cnri (^v^-try-f Ksgj&ffci) m&*-:m.mm-%-x3S9&iflyT^ 

(18) cnri Cfr W-tfy-f KMcflci) ig^F : 365 &&$>?his 

10 (19) 5-HT2A (tOhs ^g^fc 2A) 3t^^. : 102 te** 4 ^ 5 ^£ 

(2 O) 5-HT2C (-fca hr=.vg?g!#: 2C) : 3 K 23 

. (2 1) CACNA1A (#/l^!?A^*>^UcclA)"j££c-?^M 
15 (2 2) ATP1A2 «- b V tyJ±/jJ V ^J^^^^ 1«2) 5g^^#M 

(2 3) HSP70-1 (fc— S/^^df^y70-l) St^-?" : m.m&-& 190 

(2 4) MTHFR (* ^ h7t Kcr^8£3g7cBPfg) MfcT- : *£^#-5§- 677 

20 (2 5) poni O^^^y-J •*? 1) 3tte^ : =« K^##- 192 &a 5 ^y 

(26) PON1 y 1 } : 5 4 B •£ fcf* 

(2 7) PON2 (/^^Vt-t? 2) : =i K>-#Hg- 311 {featS"*^ 

25 v^fcraisy^ 
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(2 8) MNP1 (r? 1* y ? uzTuT-T— t? l) fete'T-oiya^—P—m 

^*5»tS 1G/2G 

(2 9)MNP2 (•efyy^'^^^^nfT^a) itfe^:^#^-1306 

5 (3 0) MNP3 (-^hV -y#^* & w^n^T—H 3) ig^^co^n^e— ^— g 
m~&tt%> 5A/6A 

(3 i) biar (/sir Kw-y it&? : a k^#-^ 49 flajs* y V 

(3 2) BUkR (1317 KW-y yg^«t) : n Ki^#^ 389 {fc^y 

(3 3) B2AR (02 T K^S yMHR : = K^^-l 6&a*7JT"# 

(3 4) B2AR (02 T F W~y S'SbMO : = 1 6 4f£3S* 

IS (3 6) ^£->V is&fc* : =■ KV#-^369-j£.^^*=/^r9^^fef*in-f 

(3 6) OPTN y >0 : 412 flaW^T— S'**: 

(37) SELE (E -H* ^>-) ig^F- : }g&^-5§- 1402 h '> V^fctA 

20 ^5 ^ 

(3 8) TP53 : = K^ff-^- 72 tfcftSTVW^— ^^SitA^ci y ^ 

(3 9) § jS-P^Al^^S/Kt if (EPHX1) Mfc* : a KV§t 
113 ni fc ^^-^ 
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( JL ) EDNl 0*^ Kiz V is l) atte^ : K^M- 198 y S^SifcttT" 

(2) EDNl K-fe y > 1) jgtfs^ : «»#-1370 ^fl*^ fetter 
5 . ss.^ 

(3) EDNl (m^F-ty >- 1) : 138 {ftCTT'si^ttAS 
(.4) EDNRA 0*^ K-fc 5 A) : 70 t^I^WS 

10 < 5 ) EDNRA Hi? y A) Jg^f : 1222 ffi^V' h >^ 

(6) EDNRA (^>-K-fey ^Sl^^A) 3^-? : » Kf#4§- 323 flW*fc: 
( 7) EDNRA (.^1/ K-fe y is^cMW A) igfc-T- ; mSS^-231 

is fcttj^r^^ 

(8) EDNRB (xy K-fe y fi ) SWSft 5 ' : 53 K^ft 277 fi[©B>f 

( 9 ) ^fayK? TJtfe? 9099 $L&iS h ^SSfcttT*?*— ^ 

( 1 O) haxF!) 7-5t^^ : 9101 {fcj&S^ 5 ^fcfi^T^i" 

20 (id s b = >• k y rst^ : *M®^§- 9101 $ ^^isi" }« 

(12) 5 hay KU T3tG^ : 3j£^#-*§- 9804 m&>fT ^^tz.\%T*f-V 
(1 3) 5 f3yKF'7lfi»: *Mf£-§-l 1778 ^ ^T-i^&T^— ^ 
(14) ATI (r^iTyW II S^ffc i ) : ffiS«^-713 toa^ 

fetter 

25 (15) ATI (T^^-V 1 ^^^ II ft«ftC 1 ) = 8UB*-5^521 ffijoSf 
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U 6 ) AT2 VT ^^ S T II 2 ) mfc? : 3123 toP?" 

(17) CNR1 OfrVj-tfV-f 1^1) aS^:Mg## 1359^5^7* = 

(18) CNR1 (#>"?- fcV'f KS^flCl) : ffi&&& 385 ^3*^ hix 

(19) . 5-HT2A (-tern h^ygtff: 2A) it^P : :&^#-5§- 102 QLt>^?i 

io (2 0) 5-HT2C (-fea Ks^SBSfr 2c) i£6rf- : =i K>-#-5§- 23 (fcjtW 

(2 1) CACNA1A (# £ J\^-r iS^-fls alA) itfe^^M 
(.2 2) ATP1A2 h 1) &Jk/*rV 1«2) &6ttF$a 

(2 3) HSP70-1 <fe — 1*5" a yirzfxiT'f X 70-1) StfE? : 190 
15 (ifci«^7-^*fcH:i/f^y 

( 2 4) MTHFR (* ^ UZST h 9 Kt*ig£S5cBf^) : 677 

(2 5) POW1 3/"*—* ^ 1) Sg^S^ : a K 192 tea^U 

20 (2 6) PO&l — 1? l)tttt57> :*OHM-5 4ttaSV"f SO'Sfett 

(2 7) PON2 -tf 2) : Yl^g&b 311 (ft^^^V 4 ^ 

i'lfctttyy (2 8)MMP1 Kf]) ^^^^^a^ta^T^tfl) 

25 (2 9) MNP2 (•*- f 9 2/*** ^ n-p'^^T— iz 2) S&IS^ : 3£S#-J§-1306 
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(30)MNP3 (^ h P **9*'7v il r7~ ^3) &fc : Z-<0'7ve.>-#—m 

S£te*5tt£ 5A/6A 

(si) biar (flirty xss&fe) mfc* ■■ =» KS"#*49flEa**p * 

5 ^fcf*^2) 

(3 2) biar (-51 r KW-P : = Kl"#* 389 tofts*' y 

(3 3) B2AR (fl27 Kl^tyygtff) : = K^#*1.6{ftaSTA«V- 

10 (3 4) B2AR (U27KW-P yS»»0 *W : = KXJt»l 6 4ffi^W 

(3 6) OPTN (rf-^s**.— P ^) 3g^P : 412 &&yT~l<'&*L 

15 «Tt*=V 

(37) SELE (E — fe V^fy) Jt^-^ : 1402 {fcft*^ 1- f^fel* 

► * • 

(3 8) TP53 ig^^F- : =« HS"** 72 fflD^rAVsaXTfcfctt^W P f 
(3d) S^ia^— Sk&aMflKti/Kl: K7- ^ (EPHXl) St^F- : = K^-^ 
20 llSe^^B^^^tf^t^^^V 

1 1 1 1 itkfei$nfc.&te*m*>(!>uwm&<n&&tQy*? wsis. 
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m 2 Ktm<Dm^mko>mm^m 0 

5., 1 3 1 1 I IjSr&itS W&if$<0&Wi&&o 

(1) 4fe(im^i:*3V>Xs WTKia^afiHF^© 5 ^ V^^*^^<i 1 b 

5 ( 1 > EDNl K-fe P ^ 1) : 3 Ki"## 198 1) g'l'&fcttr 

(2) EDNl (^v F*fe U ^ l) : ^^#^-1370 tedS^S i^fclS^r 

(3) EDNl (a^K* »i ^ 1) : fiS#f 138 tiHZLTT*^ ^^jfAf 
10 fcf3tfC» 

(4) ednra (a^K-fey a) stfe^ : 70 fflfitshfi'* 

(5) EDNRA KiZ y A) 3®^-? : mm&*lr 1222 flop*" bf*' 
15 ( 6 ) EDNRA {=C ^ y ^S^^ A) ig£*f- : = K 323 fc * «rH? 

(7) EDNRA {p^S F-fe y ^^#A) fe^F" : S^##-23l 

(8) EDNRB (at$<"K-fe y ZS&m&B) ^K^F" : K>^^" 277 W 

( 9 ) rit^p : 8tas&& 9099 gwsv h «^**:ttT**»a' 

(10) 5 VayKyriifs^ : 9101 ^tu±yr^^ 

(11) U = VK>) TiteT- : 9101 fitt*^ 5 2^ b fZS 

(12) ^fayKU T3tW : 9804 <&a*^T ^^^fcJATf- V 
25 (13) 5 hn^-KyT-Jt^iVimS^ 11778 ^S^T^V^feTv*^^ 
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(1 4) ATI (T^X-T^tsr-' II ^£#1) 38^P : *£&#^-713 
(15) ATI (T vap^=r i^Vi^ iig^ 1 ) J&£:^ : *&2£^-5§-521 
5 ( 1 6) AT2 (T ^apjJ-^^V^ II 3£S&#2) : tSt^ 3123 tefl*^ 

(i 7) cnri (#w-try-f Kg^flci) -.mmz^ 1359 msyT- 

(18) CKRl CfrS^-tV-f K2£8frl) atGH^ : =iL&#*g- 385 his 
10 ^-^fcl^T"^— ^ 

(19) 5-HT2A ("fe ti b s^g^fls: 2A) itS^ : 4£i£S^ 102 

(2 0) 5-HT2C (is* h^^i^ft: 2C) : = KVtf" 23 M^S? 

15 (2 1) CACNAlA 0*7/V^J> A^^r X^/V-otlA) ig^dF-^gi 

(22) atpia2 (■?- b y r>A/# y e/^^v^ ia2) 

(2 3) HSP70-1 (fc-bi/3S'^7'tir^y ?0-l) Jt^T- : 190 

b % * 

(2 4) MTHFR O* ? b7t KnMS7cR9%) : 677 

20 ^j&tvh^^fcra^?^ 

(2 5) PON1 (^7^yt-^ 1) fi&f- : a K>*9- 192 fia^jVl/ 
(2 6) PON1 (^?**y^-< lj3Setf-:4&®#-§'5 4f£^P-{^V*fctt 

25 (2 7) PON2 i/49st*y-9 2) 3£te^ : =* F.^m^t 311 flEJ^^^T'f 
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(2 8) MNP1 (r? h V yfX^&vZfnTT—H l) Mfc^-V'?' 
mz&tfZ 1G/2G 

(2 9) MNP2 h]> vr^jtpa^o^y—* £2) St^T 1 : i£S#-g-l306 

(3 0)MNP3 (vh!Jy^^^?n^Bfr-f 3) ig^tO^O-^— * — ^ 
JgJctESSttS 5A/6A 

(31) biar (01 T Kvt5 Vgilgfls) jftfi?--.: = KV#t49^4yy 
10 C3 2) BlAR (0 1 T K W» ^^Mm : = K^«-^ 389 ffi^^p 

(3 3) B2AR (?2 7F^tP ^g^#) ffiGciP : =* K^^l 6 te^TVl"* 
(3 4) B2AR (132 7 KVt!) ^&.mm : =x 6 U 

is ^^tfctt^yB'f^ 

•. * »- 

(3 6) OPTN (^f^^^y v) SSfeT- : 4£3g#-5§- 412 ffi^^T^^fc 
20 (37) SELE (E -„* V* ^^) 3*«S^ : 1402 b 

(i 1 1 ]^^^m.^m^^fHm<ommmv ^^^^Tm. 

25 6 . xsg [ i ] in*sv^ $ b fc«f:i^|^te>&«ao^:^#M^4?)-C^Wi-« 
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' 7.' tM5©lS[I]m^ (1). (2) v <6) i (7). (16), (1 
9) ~ (2 2) *5«tUt (2 6) «>3t^ : ?-^M<OV > >-r^^>J&< £: 1 o£rg¥*Jf 

5 ( l ) edni (^>- K-fc !) V l) iS^? : =« K^## 198 <fc&s y s^^fcttT 

( 2) EDNI (d^ K-fe I? >- 1) mfc^ : J£Sf^§-1370 *A35^? >"**:fiWT 

( 5 ) EDNPA (xv K-fe y A) 3g£^F :. StaS^ 1222 tfDSS*' ]s W 

10 *fcf*^^v • 

(6) ednra. (^^Ki?y ^g^teA) 5t-e-^: =* Kv#f 323 ^Otx^S? . 

(7) EDNRA (xyKtS^ftlfl) 3tW:SS#^-231^S 7 '7 !f =X* 
15 (16) AT2 (TVWyi'y II ^flC 2) : J&g#-5§" 3123 (fe^ 

( 1 9)* 5-HT2A (-fe D h a 220 : Sl^f- 102 

» * * 

(2 0) 5-HT2C (*fecz h^^g^ffc 2C) 3§fc^- : » Ky#f 23 ^LiA^i? 
20 ^^fc{*-fey V v 

(2 1) CACNAlA (*yW>^A^V^W«lA) jg^S^ML 
(2 2) ATP1A2 (^" h 5 V 9J*.-tttS-? lot2) 3g^#M 

. (2 6) PONl(^9^y^— l)3ft&? 6 4taPvz*f srVfefctt 
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9." l»*3g4Cr>3jS[ I ]I£*JV*-C; (4). (9) — (l lK (14) ~ (1 
5). (2 5) *5.fct* (3 5) CDV^K*^*< 1 1> 1 OWit^^^MS:^f*t- 

<4) ednra (oc^ K-fep >^£fl£ jO : 70 fitt*^ 

( 9 ) 5fsyKy Xia^ : 9099 h S^lfe fci*7"7*^ ^ 

(10) i h=»VKyTJt^:i^W-g-9i0lfiC^?^fc^r^>' 

(11) 5 h a ^ K !> : 9ioi 5 VS- fetes' f iXi^ 

(14) ATI (7 >'$'>' II 1 ) Sti^f- : ^»#-^-713 <fc*S^ 

(15) ATI <Tf*e*-T^S'>'IZ&&&l> 3£^-?- : tt»-^-521 

(2 5) POU1 t^*?**^ — ^ 1) : =» KJ*#* 192 mfifV ttls 

(3 5) 5 X) : » 369 te^a:^ ^75 = S'ftfcttn-f 

ii. stf^xsm jtf»£>t i i i ]*r£t^ v — -"VfttoMdrtfe. 

(3 8) TPS3 : =■ K^-a- 72 ^^T^=¥"^*fcf*^a P X 

(3 9). EPHXl (5 ^ py-ASa#*i/Kt K?-r"£) S&IS^ : = Ky## 
11 3 ifc**?- c «fc K^l" 
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i 1 1 m^jLmz:^<>xn^^^0Mmm^h^mn&>m.^m^: 

13. RFLPft, PCR-SSCPtfes ASO/^^P^ 
-f^—>3yffi N ^-f K^^J^Sss ARMSfe, DGGEg, RN a 
s e A«]»fife, -fk:#«D»f^x D P Life. T a «Ma n P CRS, a***-£r— 
Sfe x MALDI-TOF/MSiS, TDlSfeU — ^^#^JSfe. WAVES, — 

t £r*Hgs: k-rz>^ m&m 1-12 fciamo^. 

14. £tT© (1) — (3 9) o£l_hO 

15 ( 1 ) edni F-fe y ^ l) Stfg^F- : » K>4^» 198 4£tf 5 9 S?>'*fcti:7' 

(2) EDN1 is K-fe y V l) m&=f- : *S&®#-1370 ^5^=- 5; Zs&1tt3L#"T 

(3) EDNI (m^ p-fc yy i) : £S#f- 138 •fetCT^^^^if 

(4 ) ednra (ccy Krfc y a) S&te^F- : 70 fit^S^ b 

( 6 ) EDNRA K*t 9 ^S^tt A) : *gS#"S§- 1222 GL&is Y Zsl/ 

2S ( 6 ) EDNRA (xy K-fe y y^gt#A) : » K^#-©- 323 $L<D KX^S? 
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• ( 7 ) EDNRA K-fe y A) Jt^P : fUB#^23l4Q0Kr "7*— ^ 

(8) ednrb (^1 V F*fc y vJWMft) = F:^-^277 ££<£>cz-r 

( 9 ) * KayKjJ T'iit^ : 9099 tittf^ h V>Tfefcf*T V 

(10) Uai^KP TSS^-?- : 9101 ^tZtctAfT 

(11) §l*ayKP Tit^ : 9101 #36*^ 5 h 

(1 2) 5 b^^KyT-St^ :m^#^9604^^ T ^^fcfi7-^-v 
10 (13) 5 f-ai^Ky Tig^P : ^S^-^ 11778 <fe*Sj5^T— ^b7f^y 
(1 4) ATI {Tf#*n'SSZ' XlS^D : mE#fh-713 

(15) ATI iTls*?*^^^ II 1 ) SSGs^ : *»^521 ffc^ 

15 (16) AT2 (ry^T^^y II S^*2) iS-fS^f- : 3123 

( i 7 ) *cnri (* v^-i^y KXfifF i ) stfi^ : 1359 ®jfitr~r=i 

» * * 

(1 8) CNR1 W^tf ^ -f K^gffcl) : 385 ffc**^ 

20 V«fc«T^V v 

(19) 5-HT2A (H?w V-^S##2A) 3g^P : 102 S 

(2 0) 5-HT2C (-tea h = X^^#:.2c) St^-^ : =» F^&^r 23 flfciSS^S? 

^^fcia-tyi^ 

25 (2 1) CACNA1A A^-V^^alA) 3fr£^0Si 

: 
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(2 2) ATP1A2 (-T h ]} &J*/ft V & AJj^:/ 1«2) l&Brf'&W 

(23) HSP70-1 (fc-fV3y^^nf'fy70-i) it-B^F : 190 

(2 4) MTHFR G< ^W^T 1 t*«3jim$g5SB^) ®^ : 6?? 

(25) poni (^y^y^ — ^ i) : K^-f- 192 fica^y S'S' 

(2 6) pc»i</«?:«-*-y*— i)3S!S^:^#-^5 4<&&ST="f v^fct* 

10 (2 7). PON2 C^**^ i? 2) 3t^? : K^#^ 311 tiL&f^T-i 

(2 8) MNPl (^ M) y^^^^ct^d^T— t? 1) m&^&yv^^-P—ffi. 
tiHZLS3VtZ> 1G/2G 

(2 9)MNP2 (^ MJ y^^^^d^c^T— ^2) : ^^##-1306 

15 ^LH^h^^ii.^^.^ 

(3 O) mnp3 (*v f I? ^^^^ ^n^n^r— if 3) at^f^^tt^e*-*— 

- . . • 

i&lC*Sfr£ 5A/6A 

(3 1) B1AR (j517KVt3)V^m m&^i = K>^^-49^S-fey ^ 
20 (3 2) B1AR {$ 1*T Kl/tp yg^) : » K^#^" 389 fttfS^y 

(3 3) B2AR (^ 2 T K V yg^) : 3 K^#-^l etfCi&STVU:* 

(3.4) B2AR (.02 T RW-J) J&6s^ : =» KS'W'l 6 4ffca**I-' 
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(3 6) OPTN P >0 : 412 HL^^T=->^tl 

5 (3 7) SBLE (E — tr jft£HF' : l£#t 1402 V i- 

(38) TP53 SltfS^ : » K 72 ®&TA*?^ ^* Itttfu p >- 
(3 9) 5 * n/-AS*3j<#J/ Kfc I? (EPHXl) ig^^F- : = K^#-g- 

113 {fo&s^P S^SSTfclSfc ^^^V 
10 15. m#i^3 s 3i&*3B£&SW3:U V^^fcSfefcfe9(1.4tBtt6>3K»' ho 

17. £*T«> (l) ~ (3 7) ib*bti:2># e /i"-zr£*>m*R£*vZ>—o£l±<D 
15 y K 

( 1 ) BPM1 (a^ P ^ 1) m&* : a KV#^- 198 P i?Zs-3Zlt&T . 

» • • 

(2) EDN1 (*^ K"fe'P >- l) : m^-^-1370 ^ftiti^T 
20 (3) EDN1 K* P V 1) 51^-? : m&&^ 138 ttKT?*s>TJSJ|JA* 

(4) EDNRA (xyKt!)ygffl£ A) : 70 flUi^b^y* 

( 5 ) EDNRA K-fe P A). : XSSEBFBr 1222 {£30*^ f W 

25 

s 
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(6) EDNRA (x^Kty ^§^20 MHF- : » K^#^323ffca*fc.*1^. 

(7) EDNRA 0*^ y y^A) : ^»#^231 ffi^Tr-^i 

5 ( 8 ) EDNRB fcey K-fe y ^^ft: b) ite^ : =« KV#^ 277 n 

(9) n=y k y ri&te^ : 9099 i&asv- hy^ittZTr^ts 

(10) § favKP Tig^F- : 9101 #1*5^ 5: V^fcri^T^^- 

(1 1) $ h=isy y7m0k*:mm&%-9ioitiL&^$^±iztzi'hi'is 

10 (12) * h a 5"-K J> Ti&te^ : 9804 ^S^T— ^fcteT^—V 

(1 3) § f »^ KP ^3t^^ :*M#-!§- 11778 $L&jf7~ls&Z>7 1 7 ! ~ls 

(14) ATI (T is&X-T Zstsf II 1 ) : S£»#-^-713 

(15) ATI <T>'**y>'S'i'II.Wflci) 3*«S^ : *a6»-S>-321 IflQWV 
15 hi'^fcW:^ V 

(16) AT2 (r ^^^^^^^ II S^*2) m&T- : 4£^#-^- 3123 {ftPV 

(17) .CNR1 (# ^fcf / KSt^flc 1 ) MrP : 1359 {fiD&s^T- 

20 (is) cnri (*^tr./-f ks«#i) atfe^ : aom- 30s fifcJSV h V 

(19) 5-HT2A ("fed h£iJ/St# 2 A) 3tf5?- : 102 {SOB** 1 -**'* 

(2 0) 5-HT2C (-fca hs^JgtflS 2 C) 5te^ : a.K^"^ 23 ' (iEfct^i? 
25 ^fctttPy 
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(2 1) CACNA1A CCrA^^^ir^A'ocUO ttSrf&m. 

(2 2). ATP1A2 i-ThV C^^/^V^^^ 1«2) St^#M 

(2 3) HSP70-1 (fc-f^3y^^Bf<<y70-l) it^f : :f£^f£-p- 190 

5 (2 4) MXHFR fiT h 7 fc K«*3g§fei§5Ggfgf) ^H5-^ : 677 

(2 5) PON1 fcf 1) fete* : K^-Jf- 192 ^L^D^^ 

(2 6) PON1 * £ l)Mc*:tfHBM'0 4fia&SwW > S'VTfcfel* 
10 f-'f-Tlr—l/ 

(2 7) PON2 (/N'9^yt^ 2) 5©te^ : =* K^4§- 311 teas^xy-f 

(2 8) MNP1 (vhJJy^^^n^n^ l) St^T-CO^^— ^ 

mzpl? %> 1G/2G 

15 (29) MNP2 (rrhU y 2 & xizfx**rT~ 2) itig^ : m&8&-l3Q6 

(3 0) mnp 3 (-^ MJV^^^t^i=^i3^T— 3) ag^F-^^o-^— 

jtetCfcJtS 5A/6A 

(31) biar ( B 1*7* K W- 9 V^f#) ig^P : =* 49 4£as*fc J) V 

* 

20 ^fcra^y v 

(3 2) biar (j3i r KvtP^swfle) itfe^ : = Kv#t 389 fltas^y 

(3 3) B2AR (e2 7KVty^ft) : s*K>*9-JL.84fcj9*Tyi'* 

25 (34) B2AR (fl27 Kvf D ^Wifc) 3t«^ : » 1 6 4fit*S^ 
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(3 5) Vitfe^ : K>S ; -^369^^^^i>7'7— ^fcfin-r 

(3 6) OPTN (23-^— ^)-51|5^ : *£S^-3§* 412 &&#'T~l<'tiK. 

t 

(3 7) SELE (E-irl^^V) :SStf 1402^'^ hS^Ssfctt 

10 1 9. £4T® UK (2)^ (5) ^. (7), (1 6), (1 9) ~ (2 2) 33i 
t* ( 2 6 ) .^fefeS^^—^J: S.JtlftSaxS— O^JKD^^W^^W^— * 

( l ) edni (3iv Kir JJ v l) at^P : = K^#^- 198 fifcj&s y ^V^fcfiT" 

15 ( 2 ) EDNI OxV K-fe y V l) : mS#-^-137 0 tes^ 5 ^Hfc^T 

( 5 > EDNRA W V K>fe y V^fle A) J $S#f 1222 Kttf ^ V fl" 

( 6 ) EDNRA (3i V>*-fe y. a) : » K^#"i" 323 t ^ 

20 Ki-SSSfe^spcpja^Vh^^fcf*^^ V 

(7> EDNRA (3i V K-fe y VgS&flCA) 3£^f- : ^#-^-231 «lDi*7V=>'* 

(1 6) A*2 (7'V^^^W>'II^<*C2) 3123 tic/fif 

25 (19) 5-HT2A Ofe n h^i 2A) aS^^F : ^W"^ 102 5 V^ 
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(2 0) 5-HT2C (iZ« h^&S&{t 2C) 3g^P : ^ 23 CfcJ&SS^S? 

(21) cacnaia (^^^^f - 1 aiiO itte^^M 

.5 (2 2) ATP1A2 (-^ h y * A/* y *> Jx^T* 1<*2) 3££rP#M 

(2 6) PONM^^y-^ l)3t^:m®@#5 4#3Scf S^^fcfcJ: 

^^^^ 

2 0. $ JciE^BSff^l^tcp^ ^tz/Jz&am&rf-V??* -e-^fct*^ 
10 2 1. &LT<D (4), (9) — (1 1). (1 4) ~ (1 5). (2 5) *5«fct* (3 

(4) EDNRA (st^ K*fe y ^#ffc A) 3t€5^- : 70 f^^* 

15 (9) ^ fa^-Kyrat^ 9099^5^ K^^fcfir^V 

( 10 ) 5; h=-yKD Tit^-T 1 : jtS^-f 9101 {Setf*^ * is^tc^tfT 
(11) SbayKU TSt^ : 9101 #35^ ^ ^fett V f f S" 

(14) ATI (T II 1 ) St^F- : *£&#-§-713 fert*^ 

20 < 1 5 ) ATI (r i^Vy 1 1 1 ) 3££^ : ^SS-^-521 ika*^ 

(2 5) PON1 (^^^-^y^ — 1) jftte* : =» Ki"## 192 ^^D.^ 

(3 s) ^^.-yy ^ans^-: ^ K ^® ^- 369 fica* ^ a-t = r* n 
25 s<y . 
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22. § bKmmmftmzMm\sfc^<nm^<o^7*^—&t^^* 

2 3. STF<Z> (3 8) — (3 9) cb^^^O^-^— &tcte*7x2— 

5 (38) TP53 itte^ : =• Ky§^ 72 ftt&T/l'*?— ^^fct^^Ja 17 ^ 

(3 9) EPHX1 (S^a^— ^gUtsK^^Kfc i?) ig^^f : a K^#^- 

113 *>-f£fc:f±fc 

10 2 5. ^^#^-9099^SiXh^^e>T^^K^U^$ h = ^KP7 
2 6. iS^S^ 9101 ^l-^^L-fc? h^VK!) T$t 

2 7. = F 369 ys^/ur^^yi^p^v-y izigzm U 7- 5; y 
15 K-T S 5: V ^iS'&T-o 

2 8. xitfe^lr^^Sr^-ihS^^v^-Cs 3Eft&£tHE»<D3 

2 9. RN2U SfetCioT. i£^*3^XJ^E^<0 ^ ^*r^ci ^ w ^ * 
20 3 0. &tf'@£lc68& U£ii&£H^-M£r#F#T U MVvlz J: o -C^&frvfciS^ 

3 2. ^&!flga*iiitfW*T?S» S 3 o (CttftflHtrife. 

25 3 3. T II S^tt 2 ia-f5^0i£Sf&-§- 2123 ^a 5 ^ f 

* 
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